Abstract: The work developed in this article, has aims to control design law is based on
II. PMSM mathematical model
Electric and dynamic behavior of electrical machines can't be studied if it is defined by a mathematical model. To obtain a simpler formulation and reduce the complexity of the machine model, the establishment of its mathematical model will be developed based on simplifying assumptions. Knowing that:
 The machine is symmetrical,  Operate in the unsaturated regime,  The various losses are negligible,  The excitation is done by permanent magnets, such as the excitation flux is considered constant, [1, 3] . Furthermore, the magnet is considered a winding without resistance or inductance or mutual, but as a flux source.
Using transformations Park, the PMSM mathematical model in rotating reference frame (d-q), is defined by the following system of equations:
, 
III. Backstepping control with integral action for PMSM
This part of the article studies the strategy of speed control by the Backstepping technique. This technique of non-linear control has been recently developed; it can be effectively used for linearizing a non-linear system in the presence of uncertainties [6] [7] [8] [9] .
The control technique is a nonlinear Backstepping control having properties of strength. The pursuit of speed takes place with a high yield by the control voltage as long as the current is kept equal to zero. The basic idea of the type Backstepping control is to make curly equivalent subsystems of order 1 systems in cascade stable within the meaning of Lyapunov, which gives them the qualities of robustness and a global asymptotic stability [1] , [5] . In other words, this is a multi-step method. At each step of the process, a virtual control is also generated to ensure the convergence of system to its equilibrium state. This can be reached from Lyapunov functions to ensure step by step the stabilization of each synthesis step. The idea is to compute a control law to ensure the Lyapunov function that is positive definite and its derivative is always negative.
The calculation of Lyapunov function is performed in a recursive way. It is based on the previous system state. A new Control Lyapunov Function (CLF) is constructed by the increase of CLF of the previous step [8] . This procedure calculates allow us to ensure overall system stability. The improvement of the robustness of this technique by incorporation of introduction in terms integrations of the control design of PMSM thereafter.
III.1. Speed loop
To solve speed tracking problem, define the following speed tracking error as: ,
where is an integral action term added to the control in Backstepping to ensure the convergence of the tracking error to zero in spite of the uncertainties of such piecewise constant at each step of the algorithm.
The virtual control input used to ensure the stability of the speed loop. The error dynamics of speed from Eq. (2) is given by: . (4) Following the Backstepping methodology, and in order to ensure the stability of speed tracking, the virtual control is given by the following equation:
. (5) Then , with .
III.2. Current loop
Since the virtual input is designed to stabilize the dynamics Eq. (3), now to design the control input we define the tracking error in the current as follows:
,
where is an integral action. Consider the following Lyapunov candidate function: ,
By taking the time derivative of is given by: ,
Replacing by: , then Eq. (8) becomes:
By choosing the control input as:
. (10) It is obtain that:
Replacing by: , then Eq. (11) becomes:
, (12) with , where . Then, under the control action the current tracks input
, and by choosing the virtual control input is calculated which the speed tracking its reference:
.
III.3. Current loop
To eliminate the reluctance torque, the current reference is fixed to zero, , it meets another objective of our control that is elimination of the reluctance effect. We obtain a similar operation to that of a DC machine separately excited; let us define the following tracking error: , . Then, this implies that under the control law the current tracks the desired reference: .
Finally, combining the action of the control inputs with , the control objectives are achieved.
Proposition 1.
We consider the system of the PMSM Eq (1), with references, and , assume to be differentiable and bounded. Then, the trajectories of the closed loop system with orders tracking Eq. (10) and Eq. (16) following the exponentially references and .
IV. Control without speed sensor of PMSM integrated according to the MRAS

MRAS (Model Reference Adaptive System) method is a technique belonging to the category of indirect speed estimation by exploiting tensions (
, ) and the stator currents ( , ) [10] , [11] . It implements this technique using two independent models. The first is the reference model; it is used to determinate the two components of the stator current along the direct and quadrature axes (in the Park reference). Furthermore, the adaptive method for estimating the speed and the stator resistance are expressed by the second is the adjustable model. It is used to estimate the two components of the stator currents from the direct measurement of the stator voltages and currents. Canceling the discard between the stator currents of reference model and the adjustable model, we can estimate the rotor speed in dynamic mode. This discard is used by the adaptive mechanism to generate the estimated value and the converging towards the reference value. 
IV.1. MRAS Synthesis
Reference Model
The first is the reference model; it is used to determinate the two components of the stator current along the direct and quadrature axes (in the Park reference). Furthermore, the adaptive method for estimating the speed and the stator resistance are expressed by the second is the adjustable model. It is used to estimate the two components of the stator currents from the direct measurement of the stator voltages and currents. Canceling the discard between the stator currents of reference model and the adjustable model, we can estimate the rotor speed in dynamic mode. This discard is used by the adaptive mechanism to generate the estimated value and the converging towards the reference value. The adjustable model of this MRAS observer to salient pole is given by: ,
where .
with :
Moreover, the adaptive method for estimating the speed and the stator resistance is expressed by:
with:
where et are the gains of the corrector PI, and are errors in the stator currents. The MRAS may be introduced into a control loop by Backstepping with integral action of PMSM, to observe its state variables. The diagram above shows a general structure of a MRAS related with a block control of PMSM by Backstepping with integral action.
V. Simulation results
To illustrate the mathematical analysis and, hence to investigate the performance of the proposed PMSM control of Backstepping with integral action according to the MRAS observer, simulations are carried out following the overall block diagram of the control shown in Fig. 2 . Table 1 gives the nominal parameters of the PMSM which is used in the simulation tests. The simulation has been carried out using Matlab/ Simulink software. The machine started on the vacuum, then a load torque is applied of 5 (N.m) at time 0.1 s, and then eliminated at the moment has 0.2 s. At time t = 0.3 s, the direction of rotation is reversed at 150 (rad/s) to -50 (rad/s). Figures 3 and 4 are noted that according to shape of the speed perfectly follows its reference which is achieved very rapidly, with a very fast response. The effect of the perturbation is rapidly and the electromagnetic torque stabilizes the load torque value. These results are obtained with the same conditions as those obtained without MRAS observer (Fig. 3) . Figure 12 shows the speed tracking error. The speed estimation error, it is also shown that this estimated speed follows the actual speed with precision on permanent regime. Against by the transitional regime (starting and reversing the direction of rotation), this error is acceptable and does not affect the static and dynamic behavior of the control and also the overall drive system. Figures 13 and 14 show error of +100 % on the nominal value the moment of inertia does not affect the static and dynamic performance of the Backstepping control and the MRAS observer.
Finally, we present the results obtained from actual simulation runs that, the MRAS observer is successfully established for a nonlinear robust sensorless towards the load change. 
VI. Conclusion
This paper based on Backstepping control with an integral action for PM synchronous motor integrated according to the MRAS observer, which is addressed in a hand, as a tool for a new nonlinear control speed PMSM, and in the other hand as a tool for studying dynamic stability.
However, the simulation results exhibited a significant improvement in performance. This improvement manifests itself at the speed of signal quality, and the level of almost total rejection of the perturbation (charge couple). Moreover, to overcome the problem of control without mechanical sensors, we used a method based on MRAS technique, for estimating speed from the measured voltages and currents. The speed elimination sensor reduces the constraints and gives more flexibility to control the machine. In the light of the simulation results, we can conclude that the objective of this study is achieved. Thus, the Backstepping technique to the integral action combined with vector control offers high control performance. The intrinsic robustness Backstepping is strengthened through full terms added to it.
